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Abstract

Working capital management involves the integration of three separate

activities -- marketing, production , an d f i n a n c i al -- i n to a s i n g le p l a n n i ng

system. Al though this integration can best be achieved by an optimization

process , most successful industrial applications and some academic working

capi tal models are based on non-optimizing financial statement simulators or

budget compilers . This lack of real—world application of optimization models

i s pr i mar i ly a func ti on of the excessive solut i on t ime tra diti onall y required

for large problems , the necessity to solve the models iteratively, and the

lack of understanding on the part of decision-ma kers of the algebraic equation

systems used in the models. We describe an i nteractive working capita l p lan-

n ing system that experience shows can overcome these three problems . The

sys tem surmounts  these l i m it a ti ons by cou p l i n g recen t a dvances i n gra phi cal

modeling with network solution procedures.
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IN TH() 1)I C’rIQN

Working capital management involves the intricate balancing of three

separate activi ties —— marketi ng, production , and financial. The integration

of these activities into a single pla nning system is , therefore , very im por-

tan t in prac ti ce, but has proven to be a difficult task. A number of pub-

lishe d models have made major contributions toward techni cal integration , but

at the expense of large , mathematically complex models that are generally both

operationally and computationa lly infeasible. The planning model presented in

th is paper overcomes many of the conceptual and operational difficulties by

reformula tin g the workin g capita l pro b lem i n a struc ture tha t captures the

complex reality of the environment in a visual format that managers can under-

stand and is amenable to remarkably efficient solution and sensitivity analysis.

The firs t section of the paper outlines the various approaches suggested

in the academic literature for solving the working capital pla nning problem.

Strengths and limi tations of these approaches are pointed out , and the char-

acteristics of an operationally effective and meaningful plan ning structure

are ident ified. In the second section , a graphical modeling format is descri bed.

In other i ndustrial app l i ca ti ons , this approach vias been shown to possess these
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required characteristies , and it has successfully overcome th e imp l emen tati on

problem s that have plagued mos t financial optimizatio n models. We then utilize

th is modeling forma t to structure the working capita l p lannin g problem for a

fi rm w ith geographically separate production facilities and centralized finan-

cial activities. The concluding section of the paper concerns the interact ion

of the marke ting, production , and fi nanc i al p lann ing components and discusses

the viability of using the model in practice.

Ap proaches to Work i ng Cap it al Plann i ng

In an operating company , all curren t asset investmen ts and the related

f i n a n c i n g  support  are t ie d together by a complex set of flow linkages. The

interactions in this short—term funds system , both cross—sectio na l and inter—

temporal , make clear that plann i ng of the i ndi v id ual asset or credit element

in isolation can result in severe suboptiniization. Moreover , recognizing that

the firm ’s liquid i ty is controlle d by develo pmen ts wi th i n thi s system , exten-

sive plannin g efforts are clearly warranted.

One planning ap proach is to investigate the various tradeoffs with in the

structure of the financial statement simulator or computerized budget compiler.

This is the approach taken in many corporate models (see for example , [ 4],
[ 8], and [13], and the critique in [ 1]). A “sat i sfactor y” short-term strat-

egy may be determined with these models - -  satisfactory in the sense that the

resulting balance sheet an d income statemert have “reasona b le ” values that

shoul d not cause an adverse market reaction. With this technique , however ,

mana gement canno t i nvest i ga te all possi ble stra tegi es and there i s no way to

verify the absence of another combinati on of inputs that the decision maker
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woul d consider to dominate the chosen set. This means it is almost impossible to

vali date such models. In addition , simulations often require substantial computer

time. A novel but tellin g example is that it requires two CPU minutes of computer

time to simulate each single minute of a computer ’s operat i on.

Another approach is to determi ne the optimal strategy for short-term funds

manageme n t —— op t imal i n the sense that the so lu tion i s the best p lan for the

assumed set of policy constraints. Al ternative (suboptimal) stra tegies can then

be investiga ted and a dollar cost assigned to departures from the optimum. Al so,

the sensitivity of the optimum to changes in input parameters can be ascertained

and used as the basis for contingency planning.

Optimization models have been criticiz Ld both within the business community

and by some academicians as inferior to “s i m u l a t i o n ” models when used in a plan-

ning context . The inability to solve large , realis tic models both in a reasonable

amount of time and at a low cost on even the largest computer systems lends cre-

dence to this argument. However , the most severe cri ticism of optimization

techn iques focuses on the need to set forth explicitly an “objective ” or cri terion

by which alternative strateg ies can be compared and their relative desirability

ascerta i ned. Wi th simulation models (both deterministic and probabilistic), no

objective need be supplied external to the decision maker. The models simply

translate in put data and assumptions into the logical output consequences based

on the structural characteristics of the decision process. The decision maker

can invest igate as many alterna te courses of action as desired and then select ,

based on intuition or other subjective factors , the “best” of the alternatives.

Thus , simula tion is not free of objective specification since there exists an

implici t objective (or objectives ) within the decision maker by which the alter-

natives are judged.

3
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It is our contention that in any dec i s ion process , requ i ri ng an exp l i cit

objective or criterion to be set forth from the start of the analysis has severa l

advan tages . First , explicit objectives lead to greater consistency. For many

reasons such as personnel transfers or decentralization of respo nsibility , d i f f e r -

en t people are called upon to make essentially similar or on-going decisions. As

each individual is different , eac h may be i ncl i ne d to rel y on di f ferent  an d even

incons istent implicit criteria for choosing among alternatives. Exp licit objec-

tives can miti gate this problem somewhat; or , since peop le an d not models make

decis ions , exp l i c i t objecti ves consc i ously i nvoke the excepti on pri nc ip le if the

decision maker decides to “overr ide ” the model.

Another advantage of requiring explicit objectives is that they are exposed

for all to see and exami ne. This should lead to a more critical examination of

the rationale behind the objectives which , i n turn , should result in more lo gical

decisions.

Many times , it is argued , a sing le objective is totally inappropriate as the

decis ion must be made in light of numerous trade-offs . We are in complete agree-

men t wi th th i s contention , but again bel ieve that the mul tip le goals mus t be made

explici t, as must also the relative importance (weights) attached to each goal.

This might be a difficult requirement to p lace on a ma nager , but nevertheless ,

forcin g decision makers to crystallize their thought process and to enumerate

expl icit ly thei r subjective bel iefs shoul d ul timately lead to better decisions.

None of the forego ing should be interpreted as advocating rigidity of objec-

tive function specification . In order for an optimizat ion model to be useful for

planning, it must be possible (and relatively simple) to test the impact of various

objectives (or weights assigned to multiple objecti ves). This form of sensitivity

4
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analysis adds an entirely new dimension of richness to the pla nning process and

permits managers to glean cost—benefit info rmation that is impossi ble to obtain

w i th traditional “simulat i on ” models .

I n  t h i s  regard , we v i ew opti m i zati on as a powerful subset of si mulation

modeling. It is always possible to constrain all or most input parameters in an

optimization model . If this is done , the model can be used to perform a standard

“si mulation ” ana l y~is , but an objective function value can be obtained. This

value , when compared to the objective func ti on value of the origi nal speci fi cation ,

will reveal the cost of the action in terms of the reduction of the objective

function . Assuming a correct specification of the model , the “optimization ”

techn i que woul d reveal the same solut i on as the “simula tion ” , bu t woul d a l so

provide the decision maker with a very important extra piece of information --

how much it would cost. Therefore , it is our opinion that optimi zation is a

potentially richer modeling methodology than “s i m u l a t i o n ” an d that this potent i al

can be tapped if optimi zation algorithms are available for efficiently solving

large-scale models which cap ture the essence of the situation.

A num ber of optimization models have appea red in the fi nance literature in

the past decade (e.g. [ 9], [10], and [12]) that address the problem of working

capital managemen t. Some of these model s provide for the simulaneous optimization

of many cri tical marketing, production , an d financial decisions. Further , these

models have a high degree of environmenta l disaggregation. Unfortunately, in

attempting to combine simultaneously the relevant range of operating decisions

wit h the fi nanc i al decisions , the models become mathema ti call y i ncom prehens i ve to

the mana ger and computationally infeasible for even the largest computers.

What managemen t needs is (1) an understandable optimi zation planni ng structure ,

(2) usable on a real—t ime computer (interactive) basis , that will (3) assist deci—
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sion makers in their full range of worki ri ’~ cdpital decisions. Recent developments

in network algor i thms and computer codes (as di sc~ssed in [ 3], [ ~iJ) now m ake it

possible to circumvent mos t of the implementat ion problems associated with such a

model.

A Network Mode ling Format

A network can be thought of as consisting of m reservoir nodes which are con-

nected pair wise by n directed cash flow arcs , al thou gh it i s no t necessary for  a l l

pairs of nodes to be connected. Let b 1 
re p resen t the amoun t of sup p ly or deman d

at node i (where supply is denoted as a positive quantity and demand as a negat ive

quanti ty). Each admissible arc in the network can be described in terms of fi ve

parameters . ~~ and U~ respecti vely denote the l ower and upp er boun ds on the

amount of flow on the arc from node i to node j (henceforth denoted by arc (i ,j),

U1~ need not be finite). ~~ denotes the actual flow leaving node i , ~~~~~ de-

notes the actual flow entering node j ,  and c~~ is the unit cost of the flow , x 1~ ,

from node i to node j. Letting N denote the set of admissible arcs , these para-

meters are related in a programming framework as follows :

MINIMIZE: c. .x..
(i ,j)EN ‘~

SUBJECT TO: + x.. - p..x.. = b. i =
(i ,j)cN ‘~ (j,1)cN ~ 

1

~ 
x~~ < (i ,j)cN

The flow across the arc (i ,j) can be viewed as subject to magnification or

reducti on by the factor p
~~
. Tha t is , for every unit of flow on arc (i ,j) that

6

Ti~ ~~~~~~~ ‘S — -



r—. ~~~~~~~~~~~~ ~~~~~~~~~~~ - ---- ~~~~~~~~~- - - , ,•  -~~~~~~~~

leaves node i , p .. units enter node j . Thus , if p .~ < 1 the flow is attenuated ,

if p~5~ 
> 1 the flow is amplified and if p .,~ equals one the flow is unaltered. A

network is desi gnated as “pure ” if all p~~ 
equal one , otherwise i t i s generalized

network or transshipment problem. In Fi gure 1 the various conventions for draw-

ing and i nterpreti ng network graph s are shown.

+ Supp l y - Demand

ower ou , 
~~~~~ 

a uppe oun ,

objective func ti on cost , c1~~ and a flow

magnifier or reducer , p~3
.

Figure 1. GRAPHICAL REPRESENTATION OF NETWORK PARAMETERS

Graphical presentations will overcome one of the major deterrents to increased

utilization of programming model s by decision ma kers. Since most line managers do

not think in terms of mathema ti cal equa ti ons , they have a di ffi cul t ti me communi-

cati ng thei r thoughts an d id eas to the operat ions researchers who often cast

rela tionships into a series of equations. T he ne t resul t i s too of ten mu tua l

suspicion and di strust, leading to planning models that do not fit real i ty and

remain unused (see for example , [ 7]). Because of this , prac titioners very early

began to develop special schematic modeling procedures both for representing input 4
problem data and for exhibiting solutions. For example , Shell Oi l Company develo ped

a graphical problem generation system referred to as AMBUSH for mathematical opti-

mization problems involving their refinery operations. As the use of these

7
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schematic procedures became widespread i r~ industry , an important observation was

made: many problems that were prev iousl y expressed as complex algebraic models

could be given a pi ctor i al , network-related for~ul ation which is mathematically

equivalent to the algebraic statement of tht~ probl~ ni . This observation , derived

from appl icat ions and not theory , has gi v~ r b i r t h  ~ the ~ T FU~ M ( network formu-

lation ) technology .

When problems can be forr~ulated dS r e t 4 o ~~ or 5 ,LTi~~ NiS (and there is reason

to bel ieve that up to 70 percent of al~ a t r € r : i j t i ~~ l programming appl icat ions can

be structured as networks , ( [  6], p. 1), they not u rly €~nnance the i mportant com-

m u n i c a ti ons between mo dels  an d man age rs , but they also gain the advantage of

dramatically increased solution efficiency. Large-scale network problems can be

sol ved quickl y and effic i en tly us ng highl y specialized solution algorithms that

exp lo it the ma thema ti cal structure i nheren t i n ne twor k formula ti ons . For exam ple ,

Glove r and Klingma n ([ 6], p. 5) discuss a manpowe r plan ning model involving 2294

equations an d 450,000 var i ab les tha t onl y req u i r~~26 m i nu tes of cen tral p rocess i ng

time to optimize on an IBM 360-65. Problems of this size are computationally

i nfeasible usin g general pur pose linear prob l emm i n g al gori thms such as the

CDC-APEX III code or the IBM-MPSX code . As another example , an in teger U. S. A i r

Force pilot training model with 730 equations and 460 zero-one variables was

transforme d into a mixed integer generalized network and solved in 10 seconds on

a CDC 6600. The original integer formulation did not solve in one hour using a

state—of-the—art integer programming algorithm.

The Shor t-Term Funds System Model

A mixed integer generalized network formulation is particularly usefu l in

modeling the short—term funds system . The magnification factors , p~~, allow the

S
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ana l yst to convert cash flows to product flows , to model the cash impact of product

or secur ity ea rn i ngs or cos ts , and to differentiate various asset configurations.

For exam p le , if the “suppl y ” available at node i was denominated in terms of pro-

duc t, p 1 ,~ could be spec i fied as the sales price per unit so that for every unit of

product sold (tha t is , lea ves node i), the sales revenue i n dol lars genera ted by

the sale woul d enter node j. Thus , p roduc t would be converted to do llars by the

P13
. The availability of upper and lower limits on each flow permits management

to impose l iqu i d i t y requ i remen ts , maximum and minimum product ion and inventory

levels , and ending conditions that insure systematic balances at the conclusion

of the planning period. Integer variables allow the fixed charge problem to be

incorporated where required for realism.

The short- term funds system model outlined in this section is in~t ated with

a reservoir of li quid assets inclu din g cash , marke table securities of va rying

ma tur i ti es , accoun ts rece i va b le , an d var ious c lasses of i n v e n t o ry -- raw mat eri a l s ,

work-in— process , and finished goods. These assets are financed by accounts pay-

ab le , shor t-term borrowing and long—t erm financing. Over the p lanning peri od ,

credit is extended by each marketing unit , production is undertaken to meet the

antici pated demand , existing financial obligations are settled and the activity

level is supported by the cash genera ted from operations , the initiating liquid

• 
. asse ts , and additional short— and long-term credit. Also during the planning

period , the exogenousl y determi ned magnitude and timing of capital requirements

for f i red  asset i nves tmen ts , the payment of cash dividends and other cash or

financing needs are progranimed into the model. Funds are drawn through the syst..’~

F according to the optima l allocation pattern to a liquidity reservoir at the plan—

n i ng hor i zon.
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For ease of presentation , the model is outlined in its three inter related

planning components . ~n the market planning component (MPC), credit terms are

determined and product from various production sites is allocated to regional

markets . Units of finished goods tie the MPC to the production planning compo-

nent (PPC) wnere production schedules and inventory policies are set. The f i nan-

cial planning component (FPC) —— the only component included exp licitly in most

models appearing in the finance literature -- is linked to both of the other

com ponen ts an d p rov id es the in ter face  w it h sour ces an d uses of fun ds ex ternal

to the sy stem . For optimization , the flows within and between these components

are set to maximize net revenues (total revenue minus total cost , where the required

return on equity is included explicitl y as a cost).

The Marketing Planning Component (MPG)

Market planning is indicated in Figure 2. In this example , market demand is

parameteri zed for a single —product serving two geog raphical markets over a three-

segment p lanning period. A single product is included to simplify the discussion;

however , since finished goods inventories are product specific , it is easy to

extend the model to the multiproduct case by including a market planning component

for each produc t line. Un it s of fi n i shed goods are made availa b le by each sub-

sidiary in each time period to satisfy this geographic demand . The finished goods

irvento ry nodes (the six lined nodes in Figure 2) provide the linkage wit h the

production planning component , an d the six cash sink nodes (the six shaded nodes

in Figure 2) provide the link with the financial planning component.

As shown in Figure 2 there are three di fferent product dispo sition paths that

can be chosen by the model : (1) finished goods inventory can be used to satisf y

10
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deman d i n the su bsid i a ry ’ s market  re gi on , (2) product from one production site can

be t r a n s f e rre d to another su bsi di ary f o r  sa le i n i ts marke t , and (3) products pro-

duce d or ava i l a b l e  i n one per i od can be car rie d i n f i n i s hed goods invento ry to

later periods. On these arcs the p 1 . are used for dollar-product conversion and

to al low for the cash magnif ication or attenuation as product moves through the

marketing cycle. Stochast ic upper ( U 1~ ) an d lower (L13
) bounds insure that

inventory is available in the system , within warehousing constraints , to meet

marke t dema nd w i t h a gi ven degree of conf id ence. A l l  mar keti ng costs , including

transportation and spoi lage where relevant , and point of sa l e  p ro fit s are carr i ed

to the obj ect ive f u n c t i o n  th rough the ~~ parame ters .

The other major element  in the market planning com ponen t is the col lec ti on

of accoun ts receivable. Since all of the buyers of the firm ’s product do not pay

cash , take d i scoun ts or even pay on time , an aging schedule (which approximate

the relationship between sales and collections for a given set of credit terms )

is specified for each subsidiary . The anticipated demand in each market segment

is then broken down in proportion to the aging schedule and apportioned via upper

bounds to the various accounts recei vab lr arcs. There is , of course , a separate

aging schedule associated with each set of possible credit terms . The model wou l d

be run with each aging schedule in order to select the most desirable alternative .

This  “s i m u l a t i o n ” approach to decision modeling is based on the availability of

highl y ef f ic ient model structures and solut ion speeds outlined above.

The master cash sink insures that al l  cash is drawn through the system .

Bounds on the arcs entering the cash sink insure that desired planning horizo n

conditions are mainta ined .

12
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The Production Planning Component (PPC)

The production planning component (PPC) serves the demand generated in the

ma rket planning component. It should be noted that the lined finished goods inven-

tory nodes in Figure 3 that provide the connection with market planning are the

same nodes as one set (market area A or B) of the f in ished goods nodes in Fi gure 2.

The three cross-hatched cash source nodes are connecting links with the financial

planning component.

In addition to finished goods i nventor y, accounts paya b le , raw mater i a l s  an d

work—in -process inventories , production levels are modeled as a part of the pro-

duction planning component. Starting with the purchase of raw materials , the

fixe d ordering cost is incorporated into the model by including a 0—1 integer

NETFORM representation for each trade supplier in each period. The fixed cost

a llocato r node signals the placement of an order. This node has a supp ly of +1

to be assigned as an integer value to eithe r the trade supplie rs if an order is

placed (in which case the fi xed or der ing  i s incurre d throu gh the c~~, and

desi gnates the number of units ava ilable from that supp lier) or to the accounts

payable node (in which case it offsets the accounts payable requirement). If the

demand at the accounts payable node is not satisfied by the fixed cost allocation

node , the demand is actuated and the model wi l l  select the optimal payment pattern .

Note that a dummy arc fro m the trade supplier node reduces demand for payment f o r

a l l  goods not actually purchased. This ability to include integer variables in

network structures greatly enhances the flexibility of these models and ‘ncreases

the range of app lications with which they can deal without re quir i ng a major

increase in solution time (as would be the case with a mixed integer programming

code).

13
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The treatment of raw materials inventory (and finished goods inventory ) is an

example of using multiple capacitated arcs to represent an increasing cost function.

Carryin g costs are modeled as an increasing step function of the number of units

carried in inventory . This step function is include d as multiple capacitiated

arcs between the relevant raw materials inventory nodes. In a cost minimi zation

model , the least cost arc will be used to capacity before the higher cost arc has

any f l o w .

Thus , adding the production subnetwork to the marketing subnetwork allows

for the full ran ge of operating policies associated with worki ng capital manage-

men t, inclu ding inventory , production , di s t r i bution , receiva bles , an d pa ya b l e s .

W ith the incorporation of multiple arcs where relevant , the model explicitly

cons i ders the trade-off between ordering costs , production costs (regular or

overtime), sh ipping costs and carrying cos ts in both raw materials and finished

goods inventor ies , determining the optimum operating policy as a function of cost

an d market deman d .

The Financial Planning Component (FPC)

The link between the interna l cash sinks of the market planning component and

the cash source nodes of the production system, as well as the critical interface

with external sources and uses of funds , is provided by the financial planni ng

component throu gh the cash source and sink pair for each operating unit in eac’i

period . The graphical representation in Figure 4 presents the linkages for a

single production-marketing subsidiary . The production and marketing functions

are combined in one subsidiary for ease in presentation. For applications where

these func tions are in sepa rate subsidiaries or locations , extra nodes and arcs
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I
inser ted between the source and sink pair would allow for the additional cash and

cost impact of this separation.

The market plann ing component provides cash to each period ’ s cash sink. This

cash is transferred to the cash source node where it is available for the produc-

tion componen t or can be trans f e r re d to the nex t perio d cas h s ink  di rec tl y  or

through inves tments in ma rketable securities . Additional funds are available from

beg inn ing  cash ba lances , bank credit and long-term cap ital , as wel l  as the col lec -

tion of outstanding accounts receivable.

The arc connecting the period k cash source wi th the period k+l cash sink

node represents subsidiary cash balances mainta i ned , normall y the minimum required

compensating balance specified as a lower bound. An intrasubs idiary cash trans-

fer poo1 is included for each period so that excess cash in one production and

marketing subsid iary can be sent to or utilized by another subsidiary instead of

being reta ined and inves ted in marketable securities. Depending upon the firm , a

more rigid structure may be desired to represent these transfers as fi rm inter -

subsid iary loans.

Cash not use d i n p ro d uct ion  or requ i re d for pay i ng cre dit ors or other

expenses can be invested in ma rketable securit ies . The ma rketable security invest-

ment node collects these excess funds for investment , perha ps adjus ted for trans-

actions costs by specifying p~ l e s s  than one , and determines the maturity of the

short—term portfolio. Return on investment is included on the maturity arcs with

the cash impact frn bedde d in the and the revenue impact transferred to the

objec ti ve f u n c t i o n  by the c~~.

Two sources of short-term credit are included in Figure 4 for each period .

The arc s connect i ng the bank nodes to t he loan co l l ec tor no de have upper bounds

16
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representing the maximum borrowing from tho,e particular sources , an d an u pper

bound on the arc from the loan collector to the cash sink node restricts the ma xi—

mum borrowing from all sources. We have in c luded the option of borrowing short-

term credit for either one or two periods , subject , of cou rse , to the maximum

borrowin g constraints on each bank supply arc . The attenuation factor , 
~~~ 

on

each repayment arc equals the appropriate present value interest factor (PVIF)

to includ e the cash impact , and th ‘ objective function Cost , c 13~ 
equals the

same P VI F  t im es the i n teres t rate , r, to incorpora te the cost impact.

Two other features are shown in Figure 4 that managers may want to include

to gauge the impact on working capita l planning: the fixed charge sinks and the

lon g—term capital system. The purpose of the fixed charge sinks is to capture

a l l  ne t r equ i rements for cash no t i nc lu ded ex p l i c it l y el sew here wit hin the mode l .

These requirements incl ude cash dividends , expected tax payments , sinking fund

- requirements for exist ing obligations , payments for fixed assets , etc . Both the

magnitude and timing of tnese elements can be included as data , an d the workin g

capita l p lannin g rami fi cations -- securing the cash to meet the obligations —-

are determ i ned by the model.

The other feature , sources of song-te rm capital , can be input as data , or ,

with the inclusion of a 0-1 integer selection network similar to the one described

in [ 3], the model can determi ne the opti m um magnitude and timing of bond and/or

stock issues. By using multiple capacitiated arcs between the short- term loan

collec tor nodes and the cash sink nodes , and defining the increasing cost function

as manageme nt ’ s subjectively derived required risk premi um as the amount of short—

term debt gets larger and larger , a cru de approximation of the optimal debt

maturity schedule can be obtained when the selection network is utilized .

18
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Implementing the Model

As indicated by the model overview , ~ hos t of interrelationships act in

concert to sha pe the optima l allocatio n of short-term funds. Market demand is

the main driver of the model as it is by far the greatest producer of revenues.

Since dema nd may be greater than or less than the pro duc ti on ca pacity at any

given site , a procedure is inc l uded for transshipping products from one market

area to another. The solut ion algorithm determines the ordering schedule for

raw material s, where and how much of the raw materials wil l be carried in inven-

tory, a production schedule for each production unit , where an d how much fin i s hed

goods will be carried in inventory , where an d when the f in i she d goods should be

sold , and the timing and amou t of cash inflows into the firm from sales.

Since the production must be fi nanced , the model determi nes simu l taneousl y

the op tima l f i nanc i ng pa ttern from i nternal cas h flow , trade credit , short-term

credi t arrangemen ts , an d long—term capital. Any excess cash in a period can also

be invested in short—term marketable securities the maturity structure of which

is determ ined by the model.

Since many of the stock and flow varia bles are subject to uncertainty , there

are two methods by which risk can be captured by the model . If the maginal

distributions of the risky elements are known or can be estimated , they can

readily be i ncorporated in a chance-constrained programming format. (For an

excellent justification for the use of chance—constrained programming in this

context see [10].) Even if the stochastic variable is imbedded in the constraint

matrix in the form of a magnification factor , ins tea d of the more tra d i-

tional case where it is restricted to the right hand side , chance constra i nts

can be formed using the approach of { 2].
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The other method by which risk can be approached is through scenario analysis.

S i nce the i n terac ti ve NETFORM p lann i ng sys tem i s com puta t ionally ver y eff icient , a

series of solutions can be generated in which the variable(s) under examination

can be varied throughout some reasonable range . In this way, the sensitivity of

the optimum solution (translated , of course , to a financial statement presentation)

can be ascerta i ned , and some probability attached to each of the scenarios so

i nvestigated. Many large firmr ,s of which we are familiar use this scenario approach

to ri sk anal ys i s , although it is general l y conducted with a “simulat i on ” model

rather than with an i nteract i ve o pti m i za ti on p lann i ng sys tem.

We believe that the scenario approach may, at this time , be operat i onall y

mo re mean i ngful i n a fi rm than the s tan dar d r isk anal y s i s throu gh chance constra i nts

because of the difficulties in accessing meaningful distributions of a host of

uncer tain variables (see [14], [15] for a discussion of assessment problems.)

Th i s model , in which the relationship s of all major variables impacting on working

capita l policy are inclu ded , is particularly suited to this type of analysis and

can illuminate the sensitivity of the financial statements of the fi rm to environ-

men tal changes. Mana ger i al react i on to th e ch anges an d con ti ngency p lannin g can

bes t be planne d when thi s type of i nfo rmation is ava i la b le.
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F sy s tem .  A l though  this  in tegra t ion  can best he a c h i e v ed  by an o p t i m i z a t i o n
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and the l a c k  of u n d er s t a n d i n g  on the par t  of d e c i s i o n - m a k e r s  of the a lgebra ic
equat ion sys tems used in th ~ m o d e l s .  çW+~ d4’÷~*~-P4-b~ an i n t e r a c t i v e  w o r k i n g
capi ta l  p lanning sys tem tha t  expe r i enc e shows  can o veN  ome t h e s e  t h ree
problems . The system s u r m o u n t s  t h e s e  l i m i t a t i o n s  b y c o u p l i n g  recent
ad’;ar~ces in graphica l  mode l ing  w i t h  n et w o r k  so lu t ion  p ro cedu re s.
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